In order to improve the mechanical properties of a Cu-Sn alloy at elevated temperatures as well as the heat-resistant properties of said alloy, the effects of adding a small amount of zirconium were investigated. It was clarified that the addition of zirconium increases the tensile strength and elongation properties after a high-temperature heat treatment, and the addition of more than 0.04% zirconium increases the tensile strength to approximately 300 MPa. For a seamless tube, the tensile strength of a Cu-0.65Sn-0.05Zr-0.008P (mass%) alloy was 301 MPa, with an elongation of 47%. Furthermore, it exhibited high heat-resistant properties after brazing. Thus, it is expected that the Cu-Sn-Zr-P alloy can be used to make seamless tubes for heat exchangers.
Introduction
Phosphorus de-oxidized copper is used in heat exchanger tubes in heat-pump air-conditioners and heatpump boilers because of its high thermal conductivity and good workability. Nowadays, to reduce the quantities of materials used in heat exchangers and improve the features of the heat exchangers, heat exchanger tubes are required to have small diameters and be thin. However, the limits of workability and pressure resistance have almost been reached. Thus, strengthened copper alloy tubes are in demand.
Cu-Zr alloys [1] were studied as a typical precipitationstrengthened copper alloys; the combination of zirconium addition and heat treatment produces high copper alloys with improved strength and heat-resistant characteristics compared to phosphorus de-oxidized copper. Furthermore, adding a small amount of zirconium to Cu-Cr alloy, [2] Cu-Zn alloy, [3] and Cu-Ni alloy [4] prevents embrittlement at intermediate temperatures and intergranular fractures at elevated temperatures, along with improved mechanical and fatigue properties at elevated temperatures. On the other hand, adding a small amount of tin strengthens phosphorus de-oxidized copper and also produces grain refinement. [5] In this paper, in an effort to improve both the heatresistant properties and the mechanical properties at elevated temperatures, the effects of adding a small amount of zirconium on the characteristics of a Cu-Sn alloy were investigated. Moreover, the applicability of a Cu-Sn-Zr-P alloy to heat exchanger tubes was evaluated.
Experimental Procedure
Ingots of the Cu-Sn-Zr alloys were prepared by induction melting in a carbon crucible under an argon atmosphere. The chemical compositions of the alloys are listed in Table 1 . After these ingots were rolled to 10 mm thick, a 50% reduction, solution treatments were carried out at 1253 K for 3.6 ks followed by rapid quenching in water.
The quenched materials were then cold-rolled to 0.5 mm thick, a 95% reduction when considering a manufacturing process for seamless heat exchanger tubes. For these wrought materials, heat treatments were carried out at Figure 2 shows the effect of the zirconium content and heat-treatment temperature on the tensile properties of the wrought materials after heat treatment for 1.8 ks. The tensile strength of the alloy with 0.02% zirconium annealed at 773 K was approximately 270 MPa, which is similar to the zirconium-free material. Otherwise, one of the zirconiumcontaining alloys at 1073 K was superior to the zirconiumfree material. For the materials with more than a 0.04% zirconium content, the annealed materials were strengthened based on the amount of added zirconium; the material with 0.07% zirconium exhibited a tensile strength of approximately 300 MPa, which was the maximum tensile strength,
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with an approximately 40% elongation at the same time. Figure 3 shows the effect of the zirconium content and heat-treatment temperature on the electrical conductivity of the wrought materials after heat treatment for 1.8 ks. Fig. 1 Schematic illustration fracture test method. Ando 2010 The electrical conductivities of the materials with greater than a 0.04% zirconium content increased according to the increasing heat-treatment temperature up to 923 K, then decreased above this temperature. On the other hand, the electrical conductivity of an alloy with 0.02% zirconium was not significantly different from that of the zirconium-free material.
Mechanical properties of Cu-Sn-Zr-P alloy tubes
The mechanical properties of a Cu-0.65Sn-0.02Zr-0.03P
tube, a Cu-0.65Sn-0.05Zr-0.008P tube, and a C1220 tube are shown in Fig. 4 . The tensile strengths at room temperature were 281 MPa, 301 MPa and 244 MPa, respectively.
There remained differences between the alloys and the C1220 regardless of the decreases in the tensile strength with the increase of the test temperature. respectively. Notably, after blowtorch brazing, both alloys were superior to the C1220.
Discussion
In an effort to improve the mechanical properties of a CuSn alloy at elevated temperatures as well as the heat-resistant properties of the alloy, the effects of adding a small amount of zirconium were investigated. It was clarified that the addition of zirconium increases the tensile strength and 
Conclusion
The characteristics of Cu-Sn alloys with small amounts of added zirconium were investigated as part of an effort to improve both the mechanical properties of these alloys at elevated temperatures and their heat-resistant properties.
In particular, the addition of more than 0.04% zirconium increased the tensile strength to approximately 300 MPa.
Applying the alloy for use as a seamless tube, the tensile strength of a Cu-0.65Sn-0.05Zr-0.008P tube was 301 MPa and the elongation was 47%. These values are superior to C1220 which is the standard heat-exchanger tubes for heat-pump units. Furthermore, the tube exhibited a high heat-resistance after brazing. Thus it is expected that the Cu-Sn-Zr-P alloy can be used as a seamless tube for heat exchangers.
